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ABSTRACT 



The invention relates to a shielding cage (6) extend- 
ing along a longitudinal axis (20) between a front side (21) 
and a rear side (22) and comprising a diecast metal section 
(7) extending from said front side (21) over a first length 
(LI) along said longitudinal axis (20) . The shielding cage (6) 
contains a sheet metal section (8) extending from said rear 
side (2 0) towards said front side (21) over a second length 
(L2) along said longitudinal axis (20), said first length (LI) 
being substantially shorter than said second length (L2) . The 
shielding cage (6) combines a considerable degree of freedom 
in shaping and robustness at the diecast front side (7) with a 
substantial reduction of the temperature induced stresses as 
the length of the diecast section (7) is siibstantially shorter 
than that of the second shield metal section (8) of the cage 
15 (6) . . 
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Shielding cage 

The Invention relates to a shielding cage extending 
along a longitudinal axis between a front side and a rear side 
and comprising a diecast metal section extending from said 
front side over a first length along said longitudinal axis. 
5 US 5,167,531 discloses a right-angle electrical con- 

nector for mounting on a circuit board, wherein the connector 
comprises a diecast metal housing having projections connect- 
ing the housing to the circuit board. A metal shield is 
secured between the sidewalls of the diecast housing and forms 

10 a rear wall covering the teinninals of the connector. 

Diecast shielding cages are advantageous in that they 
provide a considerable degree of freedom in shaping as well as 
robustness. However, a problem associated with such diecast 
shielding cages is that the diecast material generally exhib- 

15 its a thermal expansion coefficient that substantially differs 
from the thermal expansion coefficient of the circuit board. 
Depending on the way of mounting the shielding case to the 
circuit board, a shear stress or push/pull stress may develop 
between the cage and the circuit board as a result of heat ap- 

20 plied in the mounting process. This problem, is exacerbated by 
the need to conduct reflow operations at significantly higher 
tettperatures to enable the \ise of lead free solders, which 
have a significantly higher melting point as compared with 
lead-based solders. 

25 It is an object of the invention to provide a shield- 

ing cage that inter alia reduces or eliminates the above- 
mention problem. 

This object is achieved by providing a shielding cage 
characterized by a sheet metal section extending from said 

30 rear side towards said front side over a second length along 
said longitudinal axis, said first length being substantially 
shorter than said second length. The shielding cage thus com- 
prises two distinguishable sections. Each section contributes 
in providing the space of the entire shielding cage. The thus 
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Obtained shielding cage combines a considerable degree of 
freedom in shaping and robustness at the diecast . front side of 
the cage with a substantial reduction of the stresses men- 
tioned above as the length of the diecast part of the 

5 shielding cage is substantially shorter than the second shield 
metal section of the cage. The shield metal section of the 
cage provides a space with sufficient length along the longi- 
tudinal axis for accommodating a board connector and a mating 
cable connector. The long sheet metal section does not develop 

10 shear stress at the point of solder attachment to the circuit 
board as a result of the heat of the mounting process (and 
siibsequent cooling of the assembly) , since the difference in 
thermal expansion coefficient is minimal- The ratio of said 
first length and said second length is preferably in the range 

15 1:3 to 1:6 and more preferably in the range of 1:4 to 1:5. 

In an embodiment of the invention the diecast metal 
section of the shielding cage comprises moimting tails for 
mounting said diecast metal section to a circuit board. Pref- 
erably these mounting tails are solid integrated mounting 

20 tails of said diecast metal section, such as pin-in-paste 

(PIP) solder tails. As a cable connector generally is mated 
and locked at the front diecast metal section of the shielding 
cage, the mounting tails direct forces exerted on or by such a 
cable connector directly to the circuit board thereby prevent- 

25 ing transmission of such forces to the board connector. 

In an embodiment of the invention the sheet metal 
section comprises surface mounted technology (SMT) -tails for 
mounting said sheet metal section to a circuit board. Such 
tails are generally preferable from a manufacturing point of 

30 view as such SMT tails can be soldered on to the circuit board 
without requiring the provision of holes in the board. Alter- 
natively the sheet metal section conprises surface mount 
compression (SMC) tails for mounting said sheet metal section 
to a circuit board comprising means for engaging, such as 

35 clamping springs, with said SMC tails. These tails may be 

preferable in a situation wherein a combination of a soldering 
paste and reflow mounting is disadvantageous or inefficient. 
This may e.g. be the case when the shielding cage itself inef- 
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f iciently transfers the heat in the ref low mounting process . 
The use of SMC tails avoids the need for disposal of soldering 
paste and subsequent heating. 

In an embodiment of the invention said diecast metal 
section and said sheet metal section comprise structures for 
engaging said diecast metal section with said sheet metal sec- 
tion, such means may e.g. be deformable pillars provided on 
the diecast metal section that are easily deformed after en- 
gagement with corresponding openings in the sheet metal 
section. As such a closed and rigid connection to the shield- 
ing cage is obtained, a good electrical connection is ensured 
for electromagnetic shielding purposes. 

In an embodiment of the invention the diecast metal 
section of the shielding cage comprises positioning elements 
for placing said sheet metal section with respect to said die- 
cast metal section. Such position means, as e.g. ribs and/or 
slots, can be cast easily in the diecast material and facili- 
tate positioning and/or alignment of the sheet metal section 
with the diecast metal section. 

In an embodiment of the invention the shielding cage 
comprises a diecast metal section of a zinc alloy and a sheet 
metal section of a copper or steel alloy. A zinc alloy is a 
cheap diecast material. Preferably the zinc alloy diecast sec- 
tion is plated with layers of copper, nickel and/ or tin, 
whereas the sheet metal section is plated with nickel and/or 
tin. In the ref low process the tin layer of the diecast metal 
section and the sheet metal section may contact, such that the 
electromagnetic shielding performance is inproved. 

The invention further relates to a diecast metal sec- 
tion and a sheet metal section for use in a shielding cage as 
described above. 

The invention also relates to an electrical board 
connector comprising a header assembly and a shielding cage as 
described aibave. 

US 6,095,862 discloses a metal adapter frame assembly 
for mounting a first electrical connector in an aperture in a 
panel and a second electrical connector mountable on a printed 
circuit board that comprises a diecast metal body and stamped 
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and formed sheet metal sheet mounted over a substantial sec- 
tion of the diecast metal body. The diecast metal body has an 
open top that is covered by the sheet metal shield. The assem- 
bly is mounted to the printed circuit board by one or more 
latch arms of the sheet metal shield extending beyond the die- 
cast body. Since the diecast metal body is not mounted to the 
circuit board, this assembly does not suffer from the problem 
of developing stresses as a result of the difference in ther- 
mal expansion coefficient with the circuit board. Moreover the 
diecast metal body extends from the front side to the rear 
side of the assembly and thus only has one section. The sheet 
metal section does not provide an additional space for the 

shielding cage. 

The invention will be further illustrated with refer- 
ence to the attached drawings, which show a preferred 
embodiment of the invention. It will be understood that the 
shielding cage according to the invention is not in any way 
restricted to this specific and preferred embodiment. 

Pig . i shows a cable connector connected to a circuit 
board with a shielding cage according to ian embodiment of the 
invention; 

Fig. 2 shows a side perspective view of the shielding 
cage according to an embodiment of the invention; 

Fig. 3 shows a bottom : perspective view of the shield- 
ing cage without a header asseflnbly; 

Pig. 4 shows a bottom j perspective view of the shield- 
ing cage accommodating a heade:^: assembly; 

Fig. 5 shows an embodiment of a header assembly; 

Pig. 6 shows a detailed view of the diecast metal sec 
tion of the shielding cage according to an embodiment of the 
invention; 

Fig. 7 shows a detailed view of the sheet metal sec- 
tion of the shielding cage accjjrding to an embodiment of the 
invention. j 

In Fig. 1 a connector system is shown comprising a 
cable connector 1 for a cable 2 attached to a front panel 3 
having openings 4 for insertio^i of the cable connector 1. The 
cable connector l is subject oE a non-prepublished patent ap- 
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signal tracks of the PCB 5 are 



cage 6 is provided on the PCB J 
diecast metal section 7 at the 



The shielding cage 6 



plication NL 1022225 { ''Cable connector and method of assembling 
a cable to such a cable connector") of the applicant • The 
front psuael 3 comprises a circuit board 5, hereinafter also 
referred to as the PCB 5. The ECB 5 generally conprises a plu- 
rality of signal tracks and electrical components (not shown) 
for the transmittal of electrical signals to or from one or 
more wires of the cable 2. Conrectione of these wires to the 



obtained by providing a header 



arrangement comprising a headeij (shown in fig. 5). A shielding 



, said shielding cage having a 
front (i.e. near the peinel 3) 



and a sheet metal section 8 badkwards thereof • The PCB 5 f ur-_ 
ther comprises various featuresi, such as pin- in-past e (PIP) 
holes 9, a copper shielding plctne 10, pre-alignment or guiding 
holes 11, soldering pads 12 anc. terminal PIP holes 13. 



may e.g. be mounted to the PCB 5 



by soldering the respective tad.ls of the diecast metal section 
7 and the sheet metal section ti in a lead- free ref low process, 
wherein the PCB 5 and the components are placed in a convec- 
tion oven and heated to 265 ""C from the top of the shielding 
cage 6. 

Next detailed parts of the shielding cage 6 will be 
discussed. Identical reference numerals are used for indicat- 
ing identical parts of the shicslding cage, 

Fig. 2 shows a side ^perspective view of the shielding 
cage 6 shown in Fig. 1 extending along a longitudinal ax±a 20 
between a front side 21 and a irear side 22 comprising the die - 

and the sljieet metal section 8. The 

shielding cage 6 is especially 



cast metal section 7 
diecast front section 7 of the 



30 important for I/O panels in viiiw of the design complexity, de- 



sign freedom and robustness of 



diecast metal. The diecast 



metal section 7 partly protrudes through the opening 4 of the 
panel 3 as shown in Fig. 1. Thit protruding section comprises 
metal springs 23 that either b<md towards or away from the 
longitudinal axis 20 for contacting the cable connector 1 and 
the panel 3 respectively to obpain adequate electromagnetic 
shielding . 
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Further the diecast metal section 7 has PIP solder 
tails 24 to engage with the PIP holes 9 of the PCB 5, shown in 
Pig. 1. The PIP solder tails 24 direct forces exerted on or by 
the cable connector 1 directly to the PCB 5. The diecast metal 
section 7 also comprises an entrance 25 for locking the cable 
connector 1. The PIP solder tails 24 are not located in a sin- 
gle plane perpendicular to the longitudinal axis 20 in order 
to prevent that the shielding cage 6 can be lifted or angled 
away from the PCB 5 as e.g. the cable 2 is bend. Moreover 
these positions of the PIP solder tails 2i4 allow a closer 
placement of subsequent shieldijug cages 6 without interference 
of the PIP-holes 9 for the subse<luent shielding cages 6. 

The sheet metal section 8 comprises a plurality of 
surface mount technology (SMT) tails 26 adapted to be soldered 
to the soldering pads 12 on the PCB 5. As the thermal expan- 
sion coefficient of the sheet metal section 8 is largely 
comparable to that of the PCB 5 heat treatment does not result 
in cracks of the solder joint at the soldering pads 12 or 
warped/bend PCBs 5. The SMT- tails 26 are located close to each 
other to maintain adequate electromagnetic shielding. 

Further the sheet metal section 8 contains a number 
of holes 27 for putgassing of coast ituents of the soldering 
paste, such as certain solvents, during the mounting process. 
Moreover, the holes 27 may assist in the transfer of convec- 
tion heat to the inside of the shielding cage since preferably 
the shielding cage 6 and the header assembly 30 (shown in 
Figs. 4 and 5) are mounted to the circuit board as a single 
piece. 

The use of a sheet metal section 8 as part of the 
shielding cage 6 has several advantages. First the wall thick- 
ness of the sheet metal section: 8 can be made less than the 
wall thickness of a diecast metal wall. As a result neighbour- 
ing PCB's 5 can be positioned xabte closely to each other. 
Further the shielding cage 6 with a sheet metal section ab- 
sorbs less, heat enabling more h^at to be transferred to the 
board connector (see Pig. 5) in'the reflow process. Also the 
shielding cage 6 according to thfe invention yields a higher 
accuracy with respect to positioning of the cage 6 on the PCB 
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5 due to the reduced mass inertia in vacuum assisted pick-and- 
placing. Finally the surface roughness of a sheet metal sec- 
tion 8 is usually less than for diecast metal resulting in a 
better grip of the vacuum nozzle in pick and placing of the 
shielding cage 6 on the PCB 5. 

The diecast metal section 7 and the sheet metal sec- 
tion 8 are riveted by deforming pillars 28 of the diecast 
metal section 7 (more clearly shown in Fig. 6) after having 
these pillars 28 inserted in corresponding holes 60 (see Fig- 
7) of the sheet metal section 8, The thus obtained shielding 
cage 6 is very rigid which is advantageous for handling, 
transport and placement on the PCB 5. 

The sheet metal section 8 can be removed together 
with the header assembly 30 (shown in Figs. 4 and 5) perpen- 
dicularly from the PCB 5, requiring no additional space for 
repair or removal of the connector. This results in additional 
space on the PCB 5 for accommodation of components. 

The diecast metal section 7 is made of a zinc alloy. 
Preferably it is plated with a i copper layer to prevent outward 
diffusion of the zinc in the heating process followed by lay- 
ers of nickel and tin. The shield metal section 8 is made of a 
copper or steel alloy plated with layers of nickel and tin. In 
the heating process the tin layers of both sections may com- 
bine and fuse together to provide a continuous layer between 
both sections yielding an increased electromagnetic shielding 
performance . 

Fig, 3 shows a bottom perspective view of the shield- 
ing cage 6 comprising the diecast metal section 7 extending 
over a first length LI along the longitudinal axis 20 amd the 
sheet metal section 8 over a second length L2 along the longi- 
tudinal axis 20. Although the Vails of the diecast metal 
section 7 and the sheet metal section 8 partly overlap, both 
sections 7, 8 contribute to the space for the shielding cage 
6. The sheet metal section 8 provides e.g. a space for a 
header assembly, as shown in Fig. 4. The length LI of the die- 
cast metal section 7 along the; longitudinal axis 20 is 
substantially shorter than the: length L2 of the sheet metal 
section 8 along the axis 20. In a practical situation the ra- 
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tio of the lengths is e.g. L1:L2.1:3. In actual diirensions may 
e.g. be Ll=10 mm and L2-30 mm. The sections 7, 8 are mounted 

differently to the PCB 5. 

Pig. 4 displays a bottom perspective view of the 
shielding cage 6 accommodating a header assembly 30. This com- 
bination may be referred to as a board connector 40. The 
header assembly 30 comprises pre-alignment posts 31 for inser- 
tion in the guiding holes 11 and a contact array of terminal 
pins 32 for insertion in the terminal PIP holes 13 of the PCB 
5 (see Fig. 1) . The terminal pins 32 transfer signals from or 
to one or more of the wires of the cable 2 via the cable con- 
nector 1 to the signal tracks of the PCB 5. Fig. 5 shows a 
detailed illustration of the header assembly 30 containing 
walls 33 facilitating guiding of the cable connector 1 to the 
terminal pins 32. The walls 32 further comprise elements 34 to 
lock the header assembly 30 inside the sheet metal section 8. 

Fig. 6 shows a detailed view of the diecast metal 
section 7 of the shielding cage 6. The front part of the sec- 
tion 7, intended to protrude through the openings 4 of the 
panel 3, comprises means 50 for clipping on the metal springs 
23, shown e.g. in Fig. 2. Moreover the diecast metal section 7 
has a plurality of positioning means for placing or aligning 
the sheet metal section 8 with respect to the diecast metal 
section 7. These positioning means include a slot 51 (only one 
side visible) , fonned by the wall 52 and a rib 53 of the die- 
cast metal section 7. The slots 51 are not in contact with the 
PCB S and are dimensioned to accommodate the SMT solder tails 
26 of the sheet metal section 8. The slots 51 prevent rota- 
tional motion of the shielding cage 6 aroiind an eucis parallel 
to centre lines of the pillars 28. 

The wall 52 further comprises a recess 55 to accommo- 
date a flexible contact beam 62 (see Fig. 7) of the sheet 
metal section 8 . Also diecast metal section 7 comprises cast 
protrusions or pillars 28 for riveting the sheet metal section 
8 to the diecast metal section 7. The features enable the 
elimination of clearances between the diecast metal section 7 
and the sheet metal section 8. Alternative methods can be used 
for combining the diecast metal section 7 and the sheet metal 
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section 8, such as casting of the diecast metal section around 
the sheet metal section. 

The flange 54 provides a barrier for electromagnetic 
radiation penetrating the shielding cage 6 through the open- 
ings between the contact springs 23 and the openings in the 
front panel 3 . 

Finally Fig- 7 shows a detailed view of the sheet 
metal section 8. The holes 60 are intended for the deformable 
pillars 28 shown in Fig. 6. The slots 61 are intended for 
alignment of the sheet metal section 8 to the diecast section 
7. The flexible contact beam 62 is intended to engage with the 
recess 55 in the wall 52 of the diecast metal section 7 in or- 
der to ensure adequate electrical contact for electromagnetic 
shielding purposes and/or to overcome mechanical tolerances 
between the section 7 and 8. As the flexible contact beams 62 
(at least a second contact beam 62 may be provided at the op- 
posite non-visible side of the sheet metal section 8) may 
yield a normal force driving thie sheet metal section away from 
the diecast metal section 7, the side walls 63 of the sheet 
metal section 8 may build an angle a with the top wall 64 less 
than 90 degrees before it is positioned on the diecast metal 
section 7, Further the side walls 63 of the sheet metal sec- 
tion comprise indents 65 for interfering with the elements 34 
of the header assembly 3 0 shown in Fig. 5 for locking said 
header assembly 30 inside the sheet metal section 8- The side 
walls 63 comprise wings 66 to cover the slit between the side 
walls 63 and the rear wall 67. The wings 66 cotnprise fastening 
elements 68 for fastening the wings 66 to the rear wall 67. 

The invention is not limited to the above described em- 
bodiment as e.g. the SMT-tails 26 can be replaced with surface 
mount compression tails adapted to be engaged with springs on 
the PCB 5. 
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CLAIMS 



1. Shielding cage (6) extending along a longitudinal 
axis (20) between a front side (21) and a rear side (22) and 
conprising a diecast metal section (7) extending from said 
front side (21) over a first length (LI) along said longitudi- 

5 nal axis (20) 

characterized by 

a sheet metal section (8) extending from said rear side (20) 
towards said front side (21) over a second length (L2) along 
said longitudinal axis (20) , said first length (LI) being sub- 
10 stantially shorter than said second length (L2) . 

2. Shielding cage (6) according to claim 1, wherein 
the ratio of said first length (LI) to said second length (L2) 
is in the range 1:3 to 1;6. 

3. Shielding cage (6) according to claim 2, wherein 

15 said range is 1:4 to 1:5. 

4. Shielding cage (6) according to any one of the 
preceding claims, wherein said diecast metal section (7) com- 
prises mounting tails (24) for moxinting said diecast metal 
section (7) to a circuit board (5) , 

20 5. Shielding cage (6) according to claim 4, wherein 

said mounting tails (24) are solid integrated mounting tails 
of said diecast metal section (7) . 

6. Shielding cage (6) according to claim 4 or 5, 
wherein said mounting tails (24) are PIP- tails. 
25 7. Shielding cage (6) according to any one of the 

preceding claims, wherein said sheet metal section (8) com- 
prises SMT-tails (26) for mounting said sheet metal section 
(8) to a circuit board (5). 

8- Shielding cage (6) according to any one of the 
30 claims 1-6, wherein said sheet metal section (8) comprises SMC 
tails for mounting said sheet metal section (8) to a circuit 
board (5) comprising means for engaging with said SMC tails. 

9. Shielding cage (6) according to any one of the 
preceding claims, wherein said diecast metal section (7) and 
35 said sheet metal section (8) conqprise structures (28,60) for 
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engaging said diecast metal section (7) with said sheet metal 
section (8) . 

10. Shielding cage (6) according to any one of the 
preceding claims, wherein said diecast metal section (7) com- 
prises positioning elements (51,52,53) for placing said sheet 
metal section (8) with respect to said diecast metal section 
(7). 

11. Shielding cage (6) according to any one of the 
preceding claims, wherein said diecast metal section (7) is a 
diecast zinc alloy section and said sheet metal section (8) is 
a sheet copper or steel alloy section. 

12. Shielding cage (6) according any one of the pre- 
ceding claims, wherein said diecast metal section (7) and said 
sheet metal section (8) comprise one or more outer layers ca- 

15 pable of fusing on appliance of heat. 

13. Shielding cage (6) according to claim 12, wherein 
said diecast metal section (7) is layered with layers of cop- 
per, nickel and/or tin and said sheet metal section (8) is 
layered with layers of nickel and/or tin. 

20 14. Diecast metar section (7) for use in a shielding 

cage (6) according to any one of the preceding claims. 

15. Sheet metal section (8) for use in a shielding 
cage (6) according to any one of the claims 1-13. 

16. Electrical board connector (40) comprising a 

25 header assembly (30) and a shielding cage (6) according to any 
one of the claims 1-13. 
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